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1. INTRODUCTION 

Owing to the advance of power electronics in latest years, the control of variable speed motors has 
increased notably. The asynchronous motor is the most utilized in the engineering field because of its 
robustness, low price and simplicity of usage maintenance. But it has a difficult, its control is not simple 
because of stator field and the rotor current is not measurable without intermediary [1, 2]. 

The FOC is founded on efficient control of the magnetic variable. It has been in latest years the 
essential research way and better adapted to industrial exigency. However, this configuration requires, in 
general, the installment of sensor on the rotor for the knowing of a mechanical measure [3]. The goal of this 
control is to be able to command the asynchronous motor as a direct current motor with separate excitation 
where there is a normal decoupling among the flux quantity, the excitation current, and that associated to the 
torque, the stator current. This decoupling renders it possible to have a so rapid torque response [4, 5]. 

The problematic of our paper is to eliminate the speed sensor and change it with another technique 
to obtain its value. In our study, we chose vector control by orientation of the rotor flow which requires the 
installment of a sensor to measure the speed or position of the rotor flow. The integration of this sensor 
boosts the mass and the price which can be big than that of the motor for the low power. It is too essential to 
reserve a supplementary location for the installment of the sensor. But that is not constantly wanted or 
available. Lastly, the reliability of the structure reduces because of this crisp instrument that needs particular 
attention for itself and for its association. It 1s from these remarks that the idea of removing the speed sensor 
was born. To solve this problematic, several studies have concentrated in the last few years on the developing 
of diverse approaches to estimate speed. For that purpose, removing a speed sensor in the IRFOC makes use 
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of its evaluation from the electrical variables of the stator (voltage, current) [6, 7]. In the observers, we select 
the luenberger observer, which offers the possibility of reconstructing the states of an observable structure 
from the quantities of inputs and outputs. It’s used in state feedback controls when all or part of the variable 
cannot be evaluated. This estimator can be utilized, for example to obtain the flux of the motor knowledge 
that these measures are far from being simply determinate [8]. 

The goal of our paper is to ameliorate the results attained by the luenberger observer which is based 
on the PI regulator. For this, we chose to use artificial intelligence techniques. In in our last published article, 
we applied the fuzzy technique, and we founded good results compared to the old techniques. For the same 
reasons, we decided to apply another method of artificial intelligence in this article. 

Neural network is one of the techniques of artificial intelligence, this technique has proved their 
effectiveness in several areas: such as signal processing, parametric identification, control of non-linear 
processes, estimation and fault detection [19, 24, 25]. 

In our paper, we will utilize the neural network to upgrade the estimation of speed and to obtain a 
great performance and effective control. This article is structured like this. Section 2 presents the induction 
motor model. Section 3 describes the technique of the indirect vector control. Section 4 discusses the 
luenberger observer and his structure. The next section describes the luenberger observer technique 
connected to neural network. The results of simulation and discussion are offered in section 6 and 7, 
respectively. The last section presents the conclusion of the article. 


2. THE MODEL OF INDUCTION MOTOR 

The modeling of the asynchronous motor is founded on the Park conversion, which connects the 
rotor and stator electrical states equations to perpendicular axes, electrically termed d (direct), and q, 
(quadrature). 

The induction machine can be defined by next states equations in the circling field’s reference 
framework [9, 16]. 
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3. INDIRECT FIELD-ORIENTED CONTROL 

The independent excitation direct current motor is very adapted for torque control, because it just 
necessities to controller its induced current. The objective is to make the similar thing with the asynchronous 
motor. This is exactly the of the vector control [11]. 

In IRFOC, the flux is not controlled; so, the flow sensors are not required in the estimators and 
observers, but the quantity of the rotor locality is needed. This method is very simple but evidently his 
performance is lower than to the RFOC, this is owing to the sensibility of this genre of control to the change 
of the rotor time constant. The benefit of this technique is to utilize just reference measurement which by 
definition is not disturbed. In effect, from an electromagnetic situation torque Cm and the reference rotor 
flow q,, the reference currents ij, and ij, can be assumed directly from the state equations. 
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The IRFOC technique is based on the generation of the supply voltages in order to find a wanted flow and 
torque. 
By using the voltage supply of the asynchronous machine, the control states are the voltage vg, and Vgs- 
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The Coupling is among the two states (Vgs»Vgs), can be averted by utilizing many compensation methods 
[10]. 


3.1. Decoupling by conventional compensation 

This technique consists in adaptation of the currents by elimination of the conjunction variables. 
These are toted to the output of the current regulators to find the reference voltages required for the 
regulation (figure 1). The supplementary terms are fixed in which the residual voltages are related with the 
corresponding currents [10]. 

The expression of the voltages at the output of correctors 1s: 
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voltages, is found by the next equation: 
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Figure 1. Decoupling by classic compensation 


The graphic diagram of the speed control of the asynchronous motor by the IRFOC technique is 
given in figure 2. 





Figure 2. Diagram of the IRFOC of induction motor 


3.2. Rotor speed controller 

The speed controller gives the reference torque, a goal of preserving the corresponding speed. For 
the technique to be justified, it is essential that the internal loop is so rapid than the loop of the speed. The 
mechanical expression 1s: 
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This type is one of the deterministic observers which belong to the group of closed loop observers 


[12]. 


4.1. Design of Luenberger observer 


The next figure represents the schematic diagram of luenberger observer 





Figure 3. Schematic diagram of Luenberger observer 


The estimated states are represented by the circumflex accent and k is the gain of the observer, his 


state model is given by: [5, 6, 8]. 
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We will use the pole placement methods and the Lyapunov approach to calculate the observer gain 
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The poles of the observer are chosen to have a rapid convergence to the dynamics of the open-loop 


system. The gain K is generally selected small [12, 14, 15, 23]. 


A study of sensorless vector control of IM using neural network luenberger observer (Tahar Belbekri) 


1264 O ISSN: 2088-8694 


4.2. Adaptation mechanism of Luenberger 

The objective of this section is to look for an adaptation law to estimate the speed. 
We use Lyapunov theory to reduce the adaptive speed mechanism. 
This observer is constituted by the estimation error on the stator current and the rotor flux. The difference 
between this observer and the MAS model is described by: 


é =(A—KC)e+(AA)X (14) 
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we give the law of adaptation of the estimated speed: [10, 12, 13]. 
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by using of PI controller, the estimated speed is given by [14, 15]. 
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5. NEURAL NETWORK LUENBERGER OBSERVER 

Artificial neural networks (ANNs) are a group of measurable learning algorithms which use the data 
to learn for a purpose of calculating values from the inputs [17]. 

The result of scientific works gives a lot of cases of succeeded control executions utilizing neural 
systems. The big problem on this way is the decision of a suitable neural system design for use in the control. 
However, some control structures are firmly identified with their neuronal partners, which encourages 
neuronal usage [18, 19, 20]. 


d IM+IFOC 





(b) 


Figure 4, (a) Block diagram of neural network luenberger observer, (b) Block diagram of neural network 
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As the simulation results will show, Figures 4 shows the schematic diagram of the learning of speed 
by neural networks learning offline. The output of the induction motor plays the role of the supervisor and 
provides the desired information. This information is compared with the output of the observer developed by 
the neural network. The adaptation algorithm uses the error generated to adjust the weights of the neural 
network [21, 22]. 


6. RESULTS AND DISCUSSION 
In this section, we use Matlab software to show the simulation of sensorless indirect vector control 


using the luenberger observer with an adaptation mechanism based on the neural network technique. 
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Figure 5, (a) Estimated and actual speed response with Luenberger observer, (b) Error of estimated and actual 
speed response 
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Figure 6, Torque of IRFOC 


After using the neural network technique in the luenberger observer, we notice that the results 
obtained are great and improved compared to the previous researches. 

The simulation results shown in Figures 5 and 6 present the comparison among estimated and real 
speed by using Neural network luenberger observer, we applied 10 N.m load disturbance at t equals to 2 and 
4 sec respectively. 

The control of motor by using the sensor or the estimator gives the same dynamic performance even 
if torque resistant is applied. 

An estimation error of 19 (rad / sec) was obtained at the starting, and decreases to a value near to 0 
at the time t = 0.3 sec, it gives an overshoot of 12.66%. The command was able to reject the load coupler. 
When the speed reference has been inverted, the estimation error value changes to -26 (rad / sec) and 
decreases to a value near to 0 after 6.4 sec. 

At the time of starting, the torque increases rapidly to the value of 51.12 N.m, and quickly returns to 
its initial value; afterward it follows the trajectory of the resistant torque. When reversing the speed, it 
decreases to the value of - 64 Nm and returns to its original value 

In all the results, we have a significant estimation of the speed. The estimated speed follows 
perfectly the trajectories of the references; the estimated error of speed rapidly converges to the null value. 
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7. CONCLUSION 

In this article, we have made a theoretical study of the indirect vector control, without the speed 
sensor of the induction motor by the use of the speed estimation technique, which based on the luenberger 
observer with an adaptation mechanism developed by integration of the neural network technique. the results 
were obtained by a simulation software. 

By using the neural network Luenberger observer, the simulation results comparison of estimated 
and actual speed response, for different operating regimes of the machine allows us to confirm the best 
performances offered, faster response with a minimized overrun during start up and speed reversal. Obtaining 
high performance with an asynchronous machine necessitates complex commands, which require in 
particular the knowledge of the parameters and the rotor states. 

Generally, this study has shown very effective control and satisfying for the industrial needs, 
because of the minimization of the estimation error on the one hand, the robustness and the stability of the 
system in operation under any conditions of use on the other hand. 
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